Summary. In both species of zebra, breeding males had higher urinary androgen concentrations (ng androgens/mg Cr) than did non-breeding bachelor males (30\m=.\0\ m=+-\ 5\ m=. \ 0 (N = 9) versus 11\m=.\4 \ m=+-\2\m=.\8,(N = 7) in the plains zebra; 19\m=.\0 \ m=+-\ 2\m=.\2 (N = 17) versus 10\m=.\7 \ m=+-\ 1\m=.\2 (N = 14) in the Grevy's zebra). In the more stable family structure of the plains zebra (single male non-territorial groups) variations in androgen concentrations could not be ascribed to any measured variable. In the Grevy's zebra, androgen values were significantly lower in samples taken from territorial (breeding) males which had temporarily abandoned their territories (N = 4) and the urinary androgen concentration for a male on his territory was negatively correlated with the time since females last visited the territory.
Introduction
Members of the family Equidae show two patterns of social organization (Klingel, 1975) . In the first type, typified by the plains zebra, Equus burchelli, a single breeding male is found in constant association with a fixed group of 1-6 unrelated females and their offspring. These groups, or harems, show little sight fidelity. Mating activity shows seasonal peaks coincident with periods of food abundance, but mating may occur at any time throughout the year (Klingel, 1969) . Bachelor males remain in fixed membership groups separate from harems and have never been observed mating with adult females (Klingel, 1969) . In the second type of social organization, represented in this study by the Grevy's zebra, Equus grevyi, there are no permanent bonds between any two individuals nor is there any seasonality in breeding (Klingel, 1974;  Ginsberg, 1987 Ginsberg, , 1989 . Breeding males defend territories in which they retain exclusive access to oestrous females when present. Klingel (1974) never observed bachelor males mating. Of 94 copulations observed by Ginsberg (1987) , 87 (93%) were made by territorial males while on their territories.
For this study, data were collected from a free ranging population of zebras in their natural habitat to examine whether there is a potential hormonal basis for both intra-and inter-specific differences in male behaviour. Data from other studies suggest that it is likely that there is an endocrinological basis to the different behaviours observed in the various groups of males. In the congeneric domestic horse, E. caballus, the secretion of luteinizing hormone and testosterone show seasonal variations (Berndtson et ai, 1974 (Berndtson et ai, , 1983 as do seminal and behavioural characteristics (Pickett et ai, 1970; Thompson et ai, 1977) suggesting an endocrine mechanism. The seasonality of these changes coincides with the breeding cycles of females.
Materials and Methods
Study area. Data were collected in the Buffalo Springs Reserve, in the region around the town of Archer's Post, Kenya (37°30' E,0°40' N). The study area, while climatologically homogeneous (dry and hot), is vegetationally diverse. This diversity is apparent even on a small scale (Barkham & Rainy, 1976) . Average rainfall for the Archer's Post Station is 365 mm (Government of Kenya, 1984) with the maximum rainfall occurring in two seasons, March/April and October/November.
Definition of behavioural status of males. Urine samples were collected from known individuals identified by their unique stripe patterns (Peterson, 1972; Klingel, 1974) . In both species, males were placed into one of two categories, breeding or bachelor, according to differences in behaviour. In the plains zebra, an adult male was considered to be a breeding, or harem, male if he was seen in association with a particular group of females and juveniles on at least 90% of all observations. In contrast, bachelor males were nearly always observed in fixed membership groups with other bachelor males.
In the Grevy's zebra, neither bachelor males nor territorial males were seen in consistent association with other individuals. Territorial males make frequent forays off their territories and were usually seen in association with bachelor males at these times (Ginsberg, 1987) . While on territory, the breeding male exhibited typical patterns of behaviour (calling, marking), a distinctive posture, and dominance over all other individuals (Klingel, 1974) .
Behavioural measurements were taken on 1084 individual Grevy's zebra identified by their stripe patterns. Zebra stripes are individually distinct (Klingel, 1974) and identifications were made with an accuracy of at least 98% (Ginsberg, 1987 territory. In addition, for territorial male Grevy's zebra, the time since last association with either bachelor males or females was calculated from data collected on daily surveys of all individuals within the study area.
During the period in which urine samples were collected, none of the plains zebra harem males were observed in association with oestrous females. Because the duration of oestrus in the plains zebra is brief ( _ 1 day, J. R. Ginsberg, unpublished data), the possibility that a harem male was in association with an oestrous female the day preceding collection of a sample cannot be eliminated.
Androgen assay. All androgen values are expressed relative to urinary creatinine (Cr) concentrations to allow for correction of variation in urinary water content. The procedure of Taussky (1954) was used to measure Cr and the sensitivity of the assay was 01 mg/ml urine.
The urine samples were subjected to acid hydrolysis. An aliquant of each urine sample (0-4 ml) was diluted 1:2-5 with water and 0-2 ml 12N-HC1; 1500 c.p.m.
[3H]testosterone/01 ml were added for recovery calculations. This mixture was incubated in a boiling water bath for 15 min. After neutralization with sodium hydroxide, an aliquant of this hydrolysed urine (005 ml) was extracted twice with 5 ml freshly opened diethyl ether. The extract was dried under a stream of nitrogen and then reconstituted in 1 -0 ml assay buffer (0-1 M-phosphate, pH 70. containing 0-9% (w/v) sodium chloride, 001% sodium azide and 1% gelatin). A 0-5 ml sample was counted for recovery while 005 ml was assayed for androgens by radioimmunoassay as described by Janne et al. (1974) . Two samples were run from each sample and no inter-assay differences were found. The antiserum was raised in rabbits against testosterone-17-hemisuccinate-BSA. The major cross-reactions were 18-2% with 5a-dihydrotestosterone and 12-9% with 5ß-dihydrotestosterone. The assay tubes containing the sample, antibody, and [l,2,6,7,16,17-3H] Among bachelor males and territorial males, body size had no effect on urinary androgen concentrations. When males of both types were simultaneously included in the analysis, there was a strong correlation between body size and urinary androgen concentrations (d.f. 
Discussion
The results of this study indicate that, despite marked differences in social organization, breeding males of both the Grevy's and plains zebra exhibit similar endocrine changes. In both species, males that have access to females (i.e. potentially breeding males) excrete more androgens than do nonbreeding males. Hence, there is an endocrinological correlation with social dominance, as measured by access to sexually receptive females, which appears to be consistent across breeding systems.
The use of a urinary assay for androgens had several advantages. The method allowed samples to be collected, without immobilizing animals, from a large number of individuals in free-ranging wild populations of two sympatric species of zebra. One of the species, the Grevy's zebra, is classified as endangered (Thornback, 1977) . As immobilization of wild equids is often difficult (King & Klingel, 1965) , collection of samples on the scale required would have been impossible. Furthermore, the fluctuations observed in plasma androgen measurements (Katangole et ai, 1971; Bartke et ai, 1973) are minimized using urinary samples since they presumably reflect androgen secretion over a period of several hours. It was assumed that most of the androgens were of testicular origin as in other species the contribution of the adrenals is minimal.
The correlation between dominance and androgen concentrations has been observed in a wide variety of other ungulate families including bovids (impala, Aepyceros melampus: Bramley & Neaves, 1972), cervids (red deer, Cervus elephus: Lincoln et ai, 1972; white-tailed Miller et ai, 1987) and elephants (African elephant, Loxodonta africana: Poole et ai, 1984) . In experiments with antelopes, territorial males had higher plasma testosterone values than did bachelor males in response to gonadotrophin-releasing hormone (Illius et ai, 1983) .
In the Grevy's zebra, the results suggested further endocrine-behavioural interrelationships. That the concentration of androgen appeared to decline when females had not recently been present suggests that social stimuli may be a factor influencing androgen secretion. When females have not visited a territory for some time, males will temporarily abandon their territories (Ginsberg, 1987) , and so the fact that males which have temporarily abandoned their territories have lower concentrations of androgens is not surprising.
That association with other males does not affect androgen concentrations may be due to small sample sizes. A territorial male may spend up to several weeks on territory without being in associ¬ ation with either males or females (Ginsberg, 1987 (Liptrap & Raeside, 1978) ; however, in the lesser mouse lemur, only dominant males showed higher levels of testosterone after aggressive encounters (Peret, 1985) . In other studies sexual activity (bull: Price et (Lincoln et ai, 1972) . In this study, within a reproductive class (territorial or bachelor), there was no correlation between size and androgen concentrations. When reproductive classes were pooled, there was a significant effect of body size on androgen level. However, as territorial males are larger than bachelor males (Ginsberg, 1989) , the size and reproductive class are highly auto-correlated. Furthermore, among territorial males, male reproductive success is not correlated to body size (Ginsberg, 1989) . Given the intra-individual variation in urinary androgen concentrations among males on and off their territories, it seems unlikely that body size has an independent significant effect.
The results of this study demonstrate that, in zebras, androgen values and the reproductive status of individual males are inter-related. In the more stable family structure of the plains zebra, in which association of a breeding male and his females is essentially constant, little can be con¬ cluded other than that breeding males have higher androgen concentrations than do bachelor males. The fluid social organization of the Grevy's zebra allows a more detailed analysis of how different social variables affect androgen values. For this species we show that the hormone concen¬ trations changed with the breeding status, and social situation, of the male being studied.
